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C Motivation

- How fast can devel-
oping cells produce
new material in early
embryonic stagese

. Aretherefundamen-
tal physical limits?

C Data )
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Mean evolution of the active
polymerase numberinanuclear
cycle for the hunchback (blue),
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Steady-state active polymerase number in nu-
clear cycles 13 and 14 for the Hb gene:
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The four distributions exhibit average values ~ 40 % of the values
predicted by the standard TASEP model in the maximal current
regime.
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C Abstract ) arXiv: 1701.06079

The standard model of transcription — the totally asymmetric simple exclusion process (TASEP) —

predicts the existence of a gene-independent limit on the maximal rate of transcription as a result
of polymerase “traffic jams” in the bulk of the gene at sutficiently high polymerase concentrations.
Recent experiments in living Drosophila emibryos provide quantitative access to the franscription-
al dynamics of genes in the high polymerase concentration limit. Our analysis suggests uniformity
of the maximal rate of franscription in the genes hunchback, snail, and knirps, and their modified
constructs. Intriguingly, the observed maximal rate of transcription is only about 40 % of the one
predicted by the TASEP model. We propose that the appearance of a gene-independent maxi-
mum rate of transcription indeed hints at fundamental physical constraints on the process due
to traffic jams, but the observed reduction in the maximal rate reﬂec’rs jamming in the promo’rer
region, where the polymerase elongation rate is lower due 1o |
cycles of abortive initiation. This implies that the transcription
bottleneck is not in the bulk of the gene, but rather in its pro-
moter region, and we suggest experiments to test this hypoth-
esis. This provides an alternative transcription rate reduction
mechanism compared to earlier promoter dynamics studies.
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C Original 2-TASEP model ) C New Predictions )
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The decrease in the injectionrate is due to abor-
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Abortive transcription initiation makes particles Jump suppressed if Without steric hindrance particles Incremental exit with
remain on the first site for an average time 1 next site is occupied jump 1 site at a time with rate k no steric hindrance
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